Recent results on hyperon production in central Pb+Pb collisions at 20, 30, 40, 80 and 158 A GeV obtained by the NA49 experiment at the CERN-SPS are presented and compared to the results at lower (AGS) and higher (RHIC) energies. New measurements of at 20 A GeV and¯ at 30 A GeV are shown for the first time. The particle ratios are compared to the predictions of models which do not assume a deconfinement phase transition such as the hadron gas model and string hadronic models. Finally, their relation to the onset of deconfinement at low SPS energies is discussed.
Introduction
Colliding heavy nuclei at ultra-relativistic energies provides a unique possibility to investigate nuclear matter at high-energy densities. One goal of this field of physics is to search for the onset of deconfinement. The idea that such a phase transition may indeed occur already at SPS energies is motivated by an estimate of the energy density in central Pb+Pb collisions at the top SPS energy, which gives values significantly higher than the critical value of 1 GeV fm −3 calculated by lattice QCD [1] . Therefore different signatures are investigated, one of them is the strangeness production, discussed in this paper. The statistical model of the early stage (SMES) [2] predicts anomalies in the energy dependence of particle production, assuming a phase transition to take place at low SPS energies (30-60 A GeV). In the energy dependence of the K + / π + ratio in central Pb+Pb collisions such an anomaly (namely a sharp maximum) has indeed been observed at around 30 A GeV. At the same energy a kink in the K − / π − ratio is measured [3] . It is therefore interesting to analyse the behaviour of the other strangeness carrying particles such as the hyperons , − and − . Note that the hyperons are not only sensitive to the total strangeness produced in the collisions (as are the K + mesons), but also to the baryochemical potential, which decreases with increasing energy. Also K + are expected to be sensitive to the baryochemical potential, which is indicated by the maximum in the hadron gas model curve for the K + /pi + ratio. 
Experiment and data
The first Pb+Pb data were taken by NA49 already in 1994 at 158 GeV per nucleon, the energy scan was completed in 2002 with 20 and 30 A GeV runs. The detector (see figure 1) is a large-acceptance fixed target hadron spectrometer in the North experimental area on the H2 beam line of the CERN-SPS. Tracking and particle identification based on specific energy loss (dE/dx) was provided by two vertex-time projection chambers (VTPC) situated inside the vertex magnets (1.5 T and 1.1 T, respectively) as well as two large volume TPCs located downstream of the magnets. The relative dE/dx resolution is about 4%, while the dipole magnets (bending power of 9 Tm) allow a momentum determination with a resolution of
The central collision data are selected via triggering on the energy of the projectile spectators measured in the forward calorimeter (VCAL).
Data sets
The analysed data consist of samples of central Pb+Pb collisions at five energies (20, 30, 40, 80 and 158 A GeV), for details see table 1.
Hyperon analysis
The neutral (uds) and¯ (ūds) hyperons are reconstructed via their decay channels into charged particles (π − +p and π + +p, respectively, with a branching ratio of 63.9%). Positive and negative particles are searched for in the TPCs and then extrapolated back to the vertex. A distance of closest approach between trajectories of candidates for decay products less than 1 cm at any point before reaching the target plane is required. To reduce the background, a number of geometrical and kinematical cuts are applied. The − (dss) and + (dss)(BR = 99.9%) are identified by reconstructing their decay topologies
In a similar way, the heaviest hyperons − (sss) and¯ + (sss) are analysed via their decay channels
For details of the analysis procedure see [7, 6] .
Examples of invariant mass spectra of the different hyperons are shown in figure 2. Since the statistics of the − and¯ + at 40 A GeV are not very high, the decision was made to analyse the sum of both. To estimate the remaining combinatorial background the invariant mass spectra are fitted with the sum of a polynomial for the background and a Lorentzian for the peak. The results are corrected for branching ratio, geometrical acceptance and reconstruction efficiency. The latter two corrections were based on the simulation of the signals of a hyperon decay, its embedding into real raw data of a collision and successive reconstruction of the whole embedded event.
Results
The results of at 20 and 30,¯ at 30 A GeV, − and − +¯ + at 40 A GeV as well as − and¯ + at 158 A GeV presented here are still preliminary, while the other results are published in [7] [8] [9] .
The transverse mass
, where p T is the transverse momentum and m 0 the rest mass of the particle) spectra at mid-rapidity at all studied energies for and at the four highest energies for¯ are shown in figure 3. They are fitted in the range 0.4
2 with an exponential function,
using the two fit parameters C (normalization factor) and inverse slope parameter T. The quality of the fit in the selected fit range is reasonably good. A strong deviation from the simple exponential behaviour is seen in low m T regions. The inverse slope parameter T for as a function of √ s NN is shown in figure 4 on the right. The results from AGS and RHIC are also plotted. They were obtained by using the same fit function (equation (1)) and same fit range as for the SPS data. In the left graph the corresponding results for K + mesons are presented for comparison. While for the kaons we observe a strong increase of T at AGS energies, followed by a constant region at SPS energies and a tendency to increase further at higher energies, the result for the is not very conclusive yet. The energy dependence seen in the kaon data (the same behaviour is seen for K + and K − ) agrees with prediction based on a change in the equation of state due to a phase transition at lower SPS energies [4] . The constant value of the inverse slope parameter at SPS energies is compatible with calculations within hydrodynamical models assuming coexisting partonic and hadronic phases [5] .
In figure 5 the m T spectra of the hyperons are compared for 40 and 158 A GeV. At 40 A GeV measurements are possible also in the low m T region, because of a better signal to background ratio than at 158 A GeV.
In figure 6 the rapidity spectra for hyperons at all energies are shown, they are centred around the rapidity in the centre of mass system. The solid lines correspond to a fit of a single Gaussian for the three lower energies, while at 80 A GeV the sum of two Gaussians was fitted. At 158 A GeV the acceptance of the experiment is not large enough to measure the distribution which extends towards beam and target rapidities. Therefore the yields there were obtained by an extrapolation procedure described in [7] . The fits are used to correct the measured yield for the limited experimental acceptance in rapidity. The mean total multiplicities shown in table 2 increase from 20 to 30 A GeV and then stay approximately constant. An increase of the mid-rapidity yields for the two lowest energies is observed (see table 2), a maximum at 30 A GeV and then a decrease for higher energies.
We observe a broadening of the rapidity distribution towards higher energies; in table 2 a compilation of the width (rms = √ y yields are given. The fact that the distributions are peaked around mid-rapidity indicates stopping of the incoming nucleons. Going to higher energies the rapidity distribution becomes flatter, as expected from the behaviour of the proton distribution [10] . The situation is completely different for the¯ (see figure 7 ), because they are expected not to be correlated to the net baryon number, as they do not contain nucleon valence quarks. The data points are all fitted with a single Gaussian distribution and peak around mid-rapidity. One observes an increase of both total (4π) and mid-rapidity yields with increasing energy. Figure 8 shows the rapidity spectra of , − and − at 40 and 158 A GeV. We see a similar behaviour for all three particles. The total yield increases and the width of the distribution gets broader with increasing energy. At 40 A GeV the shapes of the spectra are similar (Gaussian-like), and at 158 A GeV the flattening of the rapidity spectrum seen for is not observed for the heavier hyperons.
To investigate the ratio of strange to non-strange particles, the hyperon yields are normalized relative to the pions. We note that more than 90% of all produced particles in nucleus-nucleus collisions are pions. The total number of pions is calculated as
where the factor 1.5 accounts for unmeasured π 0 mesons. Figure 9 shows the ratios / π , K + / π + and K − / π − . It clearly can be seen that the anomalies in the data (steep maximum in / π , kink for K − / π − and a maximum for K + / π + ) in the particle ratios all occur at the same energy, namely around 30 A GeV, which corresponds to a centre of mass energy √ s NN = 7.62 GeV. Furthermore the fits of the statistical hadron gas model [11] are shown. In figures 9-11 the energy dependence of hyperon to pion ratio is shown. A pronounced peak is visible in the / π ratio, while the measurements of the ratio − +¯ + / π suggest a monotonic increase. The situation for the − / π ratio however is not clear yet, the maximum is less pronounced, but more data points are needed to draw a definite conclusion. 
Comparison to models
Within the statistical model of the early stage the sharp maxima in the strange to non-strange particle ratios are interpreted as a sign for a phase transition to a quark-gluon plasma (QGP). In figures 9-11 we compare the measured results to predictions of models, which do not assume a transition, such as the statistical hadron gas model [11] and the string hadronic model UrQMD [13] . In the statistical model the predictions of the particle ratios are obtained by fitting two free parameters to the available data, the baryochemical potential µ b and the chemical freeze-out temperature T [11] . The hadron gas model with γ s = 1 describes the general trend quite well but it does not reproduce the rapid changes in the energy dependence measured at about 30 A GeV. It overestimates the ratio for − . In order to account for the rapid changes in strangeness production a new parameter, the strangeness saturation factor γ s , was introduced in the hadron gas model [12] . It can be seen from figures 10 and 11 that the hadron gas model with γ s fitted to the data gives qualitatively the best agreement with the observations. The UrQMD predictions systematically underestimate the data, most dramatically visible in the − +¯ + / π ratio.
Summary and outlook
It has been shown that anomalies occur in the ratios of strange to non-strange particles at low SPS energies. It remains to be seen if this really signals the onset of deconfinement as predicted by SMES or could also be explained in a purely hadronic picture. To complete the energy scan of the NA49 experiment for the hyperons, the remaining data sets of and need to be analysed; results are expected soon. It would be interesting to also investigate particle yields in the collisions of lighter nuclei and in p+p and p+A collisions.
